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(54) INPUT/OUTPUT DEVICE AND STEERING MEASURING DEVICE

(57) An input/output device (3) is connected, via an
in-vehicle communication network, to a control device (2)
for controlling a motor (1) provided in an electric power
steering apparatus that is provided in a vehicle. The in-
put/output device (3) generates an excitation start in-
struction signal for starting excitation in the motor (1) on
the basis of an externally input excitation start instruction,

transmits the generated excitation start instruction signal
to the control device (2) over the in-vehicle communica-
tion network, and receives response data relating to the
excitation of the electric power steering apparatus, the
response data being detected by the control device (2)
while the excitation is underway, from the control device
(2) over the in-vehicle communication network.
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Description

Technical Field

[0001] This invention relates to an input/output device
and a steering measurement device, and more particu-
larly to an input/output device for identifying mechanical
constants of a steering, and a steering measurement de-
vice including the input/output device.

Background Art

[0002] A testing device for a steering apparatus dis-
closed in PTL 1 is available as an example of a conven-
tional device. In PTL 1, a testing device for testing a steer-
ing apparatus includes a master controller (a motor con-
trol device), a data logger for monitoring a torque signal,
and a test signal generator for generating a test signal
having a sine sweep waveform that simulates the torque
signal obtained by the data logger. The master controller
is configured substantially identically to a mass-produced
control device (an in-vehicle controller) provided in a typ-
ical steering apparatus, and evaluates mechanical char-
acteristics of the steering apparatus.
[0003] In this testing device, a torque signal output from
a torque detector (a torque sensor) provided in the steer-
ing apparatus is taken into the data logger after being
subjected to AD conversion and the like directly thereby,
and in a condition where the steering is fixed by a fixing
device, a steering actuator is controlled in accordance
with a drive signal corresponding to the sine sweep wave-
form generated by the test signal generator, whereby the
steering is excited.

List of Citations

Patent Literature

[0004] PTL 1 Japanese Patent Application Publication
JP 2008-232 724 A

Summary of the Invention

Technical Problem

[0005] In PTL 1, described above, an excitation control
device (the master controller) for evaluating the mechan-
ical characteristics is provided separately in the vehicle
in addition to the mass-produced control device (the in-
vehicle controller) provided in the steering apparatus,
and the steering actuator is driven by the excitation con-
trol device (the master controller). Hence, two control de-
vices are required. Moreover, the output of the torque
sensor is taken in after being subjected to AD conversion
and the like directly by the testing device, and therefore
a sensor signal line and a drive signal line must be con-
nected alternately to the testing device. As a result, in-
creases in structural complexity, laboriousness, and cost

occur.
[0006] Further, a communication network that con-
nects electrical components installed in a vehicle to each
other typically has a low communication speed with re-
spect to a frequency band to be measured, and therefore,
in PTL 1, which uses such a communication network, a
high frequency component cannot be transmitted in real
time. As a result, it is difficult to excite an electric power
steering apparatus up to a high frequency via the in-ve-
hicle communication network in order to measure re-
sponse data up to a high frequency.
[0007] This invention has been designed to solve the
problems described above, and an object thereof is to
obtain a steering measurement device with which me-
chanical characteristics of a steering can be identified
easily by means of a simple configuration.

Solution to the Problem

[0008] This invention discloses an input/output device
that is connected, via an in-vehicle communication net-
work provided in a vehicle, to a control device for con-
trolling a motor provided in an electric power steering
apparatus that generates an auxiliary steering force ap-
plied to a steering apparatus provided in the vehicle,
wherein the input/output device generates an excitation
start instruction signal for starting excitation in the motor
on the basis of an externally input excitation start instruc-
tion, transmits the excitation start instruction signal to the
control device over the in-vehicle communication net-
work, and receives response data relating to the excita-
tion of the electric power steering apparatus, the re-
sponse data being detected by the control device while
the excitation is underway, from the control device over
the in-vehicle communication network.

Advantageous Effects of the Invention

[0009] According to this invention, the input/output de-
vice and the control device exchange the excitation start
instruction and the excitation response data over the in-
vehicle communication network. Therefore, a motor con-
trol device provided in the electric power steering appa-
ratus can be appropriated to perform test excitation, and
the response data detected by the control device can
also be used. As a result, only a small wiring operation
is required, and mechanical characteristics can be iden-
tified easily by means of a simple configuration.

Brief Description of the Drawings

[0010]

FIG. 1 is a view showing a configuration of a steering
measurement device and an electric power
steering apparatus according to a first em-
bodiment of this invention.

FIG. 2 is a block diagram showing a control device
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according to the first embodiment of this in-
vention.

FIG. 3 is a block diagram showing an input/output
device according to the first embodiment of
this invention.

FIG. 4 is a block diagram showing an input/output
device according to a second embodiment of
this invention.

FIG. 5 is a block diagram showing a control device
according to the second embodiment of this
invention.

FIG. 6 is a block diagram showing an input/output
device according to a third embodiment of this
invention.

FIG. 7 is a diagram showing a waveform partially de-
noting pseudo-random numbers according to
the first embodiment of this invention.

FIG. 8 is a view showing an example of a frequency
characteristic of a steering according to the
first embodiment of this invention.

FIG. 9 is a view showing an example of a gain char-
acteristic of noise according to the first em-
bodiment of this invention.

FIG. 10 is a flowchart showing amplitude setting
processing according to the third embodi-
ment of this invention.

FIG. 11 is a block diagram showing an input/output
device according to a fourth embodiment of
this invention.

Description of Embodiments

First Embodiment

[0011] FIG. 1 is a view showing a configuration of a
steering measurement device and an electric power
steering apparatus according to a first embodiment of
this invention. In FIG. 1, the electric power steering ap-
paratus is provided with a steering wheel 51, a steering
shaft 53, a rack and pinion gear 54, vehicle wheels 55,
a tie rod 56, a knuckle arm 57, a motor 1, a control device
2, a rotation detector 23, and a torque detector 22. This
hardware configuration is similar to that of a conventional
electric power steering apparatus, and is a mass-pro-
duced configuration for installation in a vehicle.
[0012] Note, however, that as software packaged in
the control device 2, processing (a communication re-
ception unit 26 and an excitation command generation
unit 25, to be described below) for receiving an excitation
start instruction signal and an excitation amplitude value
and generating an excitation command, and processing
(a communication transmission unit 27) for transmitting
the excitation command together with response data ob-
tained as a result of excitation are added to existing soft-
ware of the control device, and the control device 2 differs
from an existing control device in terms of this point. This
difference will be described in detail below.
[0013] The steering shaft 53 is formed from an input

shaft 53a coupled to the steering wheel 51 side, and an
output shaft 53b coupled to the rack and pinion gear 54
side. The input shaft 53a and the output shaft 53b are
coupled to each other by a torsion bar (not shown). The
torsion bar is disposed in the torque detector 22 so as to
penetrate the torque detector 22 in an axial direction.
Torsion is generated in the torsion bar in accordance with
a steering torque exerted on the steering wheel 51 during
a steering wheel operation performed by a driver (not
shown), and the torque detector 22 detects a direction
and an amount of the torsion. Note that hereafter, the
steering wheel 51, the steering shaft 53, and the torsion
bar will be referred to collectively as a steering.
[0014] Further, the input/output device 3 is connected
to the control device 2 via an in-vehicle communication
network for use during a measurement test performed to
identify mechanical constants of the steering. The in-ve-
hicle communication network is installed in the vehicle
as a communication network that connects electrical
components installed in the vehicle to each other so that
data can be exchanged therebetween. The in-vehicle
communication network is installed as normal in a mass-
produced vehicle. During the measurement test, the in-
vehicle communication network is also used to connect
the control device 2 to the input/output device 3 via an
in-vehicle communication network cable 4.
[0015] The steering measurement device according to
this embodiment is a device for performing a measure-
ment test to identify mechanical constants of an electric
power steering apparatus. The steering measurement
device according to this embodiment is constituted by
the control device 2, the rotation detector 23, and the
torque detector 22, which belong to the mass-produced
electric power steering apparatus installed in the vehicle,
and the input/output device 3, which is connected to these
components by the in-vehicle communication network
cable 4 for use during the measurement test. Hence, the
steering measurement device according to this embod-
iment uses the motor 1, control device 2, rotation detector
23, and torque detector 22 provided in the electric power
steering apparatus.
[0016] Here, examples of types of in-vehicle commu-
nication networks include a CAN (Controller Area Net-
work; registered JP trademark), a FlexRay (registered
JP trademark), Ethernet (registered JP trademark), and
so on, and the in-vehicle communication cable may be
laid in accordance with the type of network installed in
the vehicle.
[0017] Hence, the steering measurement device ac-
cording to this embodiment includes the control device
2 for controlling the motor 1, which is provided in the
electric power steering apparatus in order to generate an
auxiliary steering force to be applied to the steering pro-
vided in the vehicle, and the input/output device 3 that is
connected to the control device 2 via the in-vehicle com-
munication network installed in the vehicle. The input/out-
put device 3 includes an excitation start instruction gen-
eration unit that generates an excitation start instruction
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signal on the basis of an externally input excitation start
instruction in order to start excitation of the motor 1, a
communication transmission unit that transmits the ex-
citation start instruction signal to the control device 2 over
the in-vehicle communication network, and a communi-
cation reception unit that receives response data relating
to the excitation of the electric power steering apparatus,
the response data being detected by the control device
2 while the excitation is underway, from the control device
2 over the in-vehicle communication network.
[0018] The control device 2, having received the exci-
tation start instruction from the input/output device 3, ex-
cites the motor 1, detects a response of the electric power
steering apparatus to the excitation, and transmits the
response to the input/output device 3 as the response
data. According to this configuration, the excitation start
instruction and the excitation response data can be ex-
changed between the input/output device 3 and the con-
trol device 2 over the in-vehicle communication network,
and therefore the mass-produced control device 2 in-
stalled in the steering can be used both to excite the
motor 1 and to detect the response data. As a result,
striking effects not present in the prior art, namely that
only a small wiring operation is required and that the me-
chanical characteristics can be identified easily by means
of a simple configuration, can be obtained.
[0019] Furthermore, according to this embodiment, an
in-vehicle communication network having a low commu-
nication speed is used, but since the input/output device
3 need only transmit the excitation start instruction and
the actual excitation is performed in real time by the con-
trol device 2, excitation can be performed up to a high
frequency component. Moreover, the response data are
detected in real time by the detectors 22, 23 of the control
device 2, and therefore response data including high fre-
quency components can be detected with a high degree
of precision, whereupon the input/output device 3 can
receive the detected response data including the high
frequency components via the in-vehicle communication
network.
[0020] In other words, the control device 2 can perform
actual excitation and response detection in real time even
when an in-vehicle communication network having a low
communication speed is used, and as a result, further
effects are obtained, namely that excitation and meas-
urement can be performed up to a high frequency com-
ponent and that the characteristics of the steering can
be measured with a high degree of precision.
[0021] Moreover, in this embodiment, the existing con-
trol device 2 provided in the electric power steering ap-
paratus can be appropriated for use, thereby eliminating
the need to provide a separate control device used for
testing, as described in PTL 1. As a result, further effects
are obtained, namely that a simple configuration can be
provided, labor involved in wiring and the like can be fa-
cilitated, and costs can be reduced.
[0022] This will now be described in detail.
[0023] FIG. 2 is a block diagram showing an interior

configuration of the control device 2 according to the first
embodiment. As shown in FIG. 2, the control device 2
includes the communication reception unit 26 that re-
ceives the excitation start instruction signal and the ex-
citation amplitude value input into the input/output device
3, the excitation command generation unit 25 that gen-
erates the excitation command on the basis of the exci-
tation start instruction signal and the excitation amplitude
value, a power feeding unit 24 that excites the motor 1
by applying a voltage to the motor 1 on the basis of the
excitation command and detection values from the torque
detector 22 and the rotation detector 23, to be described
below, the torque detector 22 and the rotation detector
23, which respectively detect the steering torque and the
rotation speed of the motor 1 during excitation thereof,
and the communication transmission unit 27 that trans-
mits the excitation command generated by the excitation
command generation unit 25 and the response data to
the input/output device 3. Note that the response data
include the detected steering torque and rotation speed.
Of these units, existing units provided in a typical control
device for an electric power steering apparatus may be
appropriated for use as the power feeding unit 24, the
torque detector 22, and the rotation detector 23.
[0024] Next, an operation of the electric power steering
apparatus will be described. In FIG. 1, the steering torque
exerted on the steering wheel 51 during a steering wheel
operation performed by the driver (not shown) is trans-
mitted through the torsion bar provided in the torque de-
tector 22 and the steering shaft 53, and then transmitted
through the rack and pinion gear 54 to a rack (not shown)
provided in the rack and pinion gear 54. The rack is cou-
pled to the vehicle wheels 55 via the tie rod 56 and the
knuckle arm 57.
Hence, when the steering torque is transmitted to the
rack during the steering wheel operation, the tie rod 56
pushes the knuckle arm 57 in the vehicle wheel 55 on
one side and pulls the knuckle arm 57 in the vehicle wheel
55 on an opposite side such that a steering angle is ap-
plied to the vehicle wheels 55, and as a result, the vehicle
wheels 55 are turned.
Meanwhile, an output torque generated from the motor
1 is transmitted to the steering shaft 53 as an auxiliary
steering force, thereby reducing the steering torque ap-
plied by the driver during steering. The motor 1 is con-
stituted by an AC motor such as a permanent magnet
synchronous motor or an induction motor, or by a DC
motor, for example.
[0025] The torque detector 22 detects a steering torque
applied to the torsion bar when the driver steers the steer-
ing wheel 51. When the steering torque is applied, torsion
that is substantially commensurate with the steering
torque is generated in the torsion bar. A torsion angle of
the torsion is detected by the torque detector 22 and con-
verted into a steering torque signal Ts. The rotation de-
tector 23 is attached to a rotary shaft of the motor 1 in
order to detect a rotation speed of the rotary shaft and
output a rotation speed signal ωm.
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[0026] The power feeding unit 24 provided in the con-
trol device 2 receives the steering torque signal Ts de-
tected by the torque detector 22 and the rotation speed
signal ωm detected by the rotation detector 23, and de-
termines a current command corresponding to an output
torque to be output by the motor 1 in accordance with
the signals. To cause the motor 1 to generate this output
torque, the power feeding unit 24 generates a voltage
command for controlling a current to be supplied to the
motor 1 on the basis of the current command, and applies
a voltage to the motor 1 using a drive circuit, not shown
in the drawings, in accordance with the voltage command
so that the current is supplied thereto.
Further, the control device 2 includes the communication
reception unit 26 and the communication transmission
unit 27, and uses these units to form connections to other
electrical components installed in the vehicle, such as an
antiskid device, for example, via the in-vehicle commu-
nication network so that information detected by the re-
spective detectors and the like can be exchanged and
used to control the vehicle in a more sophisticated man-
ner. The electric power steering apparatus installed in
the vehicle is configured as described above so as to
function as a driving assistance apparatus that exerts the
auxiliary steering force generated by the motor 1 on the
steering wheel 51.
[0027] An operation performed by the steering meas-
urement device according to the first embodiment in or-
der to identify the mechanical constants of the steering
will be described below.
[0028] The input/output device 3 is configured as
shown in FIG. 3, and includes, as a user interface used
by a user (a tester) in a measurement test for identifying
the mechanical constants, an input unit 31, a display unit
32, a communication reception unit 36, a communication
transmission unit 35, and a microphone 37. The in-
put/output device 3 performs various types of processing
on the basis of input from the user, which is input from
the input unit 31, information received from the control
device 2 via the communication reception unit 36, which
is connected to the in-vehicle communication network,
and sound data detected by the microphone 37. Further,
the input/output device 3 transmits processing results to
the control device 2 via the communication transmission
unit 35, which is connected to the in-vehicle communi-
cation network, and displays the processing results on
the display unit 32.
[0029] As hardware constituting these units, the in-
put/output device 3 may employ a communication termi-
nal such as a tablet computer or a laptop type personal
computer, for example. When a tablet computer is em-
ployed, a touch panel type display may be used as both
the input unit 31 and the display unit 32. When a laptop
type personal computer is used, the input unit 31 may be
constituted by a keyboard and a mouse, and the display
unit 32 may be constituted by a display.
Further, both a tablet computer and a laptop type per-
sonal computer usually include an inbuilt microphone,

and therefore the inbuilt microphone may be used as the
microphone 37. When an inbuilt microphone is not pro-
vided or when the user wishes to use a microphone hav-
ing a different degree of precision, a microphone or a
noise meter may be prepared separately, and an output
thereof may be connected to the input/output device 3
so that the sound data can be transmitted in a similar
manner.
[0030] Next, an operation performed by the input/out-
put device 3 in relation to excitation of the steering will
be described.
The input unit 31 includes an amplitude specification unit
(not shown) and an excitation start instruction unit (not
shown), which are constituted by a touch panel display
or by a keyboard and a mouse and used by the user (the
tester) to perform input operations. When a measure-
ment test is performed, first, the user confirms that the
steering wheel 51 is in a released condition, and then
specifies an amplitude value indicating an amplitude of
the excitation command on the amplitude specification
unit. The amplitude value may be specified by directly
inputting a numerical value or selecting a value from an
amplitude value list prepared in advance.
The amplitude input unit 34, upon reception of the spec-
ified amplitude value, converts the amplitude value into
numerical value data and transmits the numerical value
data to the communication transmission unit 35 as an
excitation amplitude value. Note that the excitation am-
plitude value is used by the control device 2 when gen-
erating the excitation command in the excitation com-
mand generation unit 25. Next, the user specifies the
start of excitation on the excitation start instruction unit
of the input unit 31. The user inputs the instruction by
touching the excitation start instruction unit, which is con-
stituted by a switch.
The excitation start instruction unit may be constituted
by a touch panel display or a keyboard and a mouse
instead of a switch. When the start instruction is input on
the excitation start instruction unit, the excitation start
instruction generation unit 33 generates the excitation
start instruction signal as a pulse signal having an ex-
tremely short pulse duration or the like, and transmits the
generated excitation start instruction signal to the com-
munication transmission unit 35. Note that the excitation
start instruction signal is used by the control device 2 as
a timing signal for outputting the excitation command.
[0031] Next, an operation performed by the control de-
vice 2 in relation to excitation of the steering will be de-
scribed.
As shown in FIG. 2, the control device 2 receives the
excitation start instruction signal and the excitation am-
plitude value from the input/output device 3 in the com-
munication reception unit 26 over the in-vehicle commu-
nication network, and transmits the received excitation
start instruction signal and excitation amplitude value to
the excitation command generation unit 25. The excita-
tion command generation unit 25 generates the excita-
tion command on the basis of the excitation amplitude
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value, and outputs the excitation command at a timing
at which the pulse of the excitation start instruction signal
is received.
The excitation command generation unit 25 generates
the excitation command using a typical, well-known
pseudorandom number generation method employing
an m-sequence, for example. This generation method
can be expressed by a linear recurrence relation, and is
implemented as software in the form of a linear feedback
shift register or the like. According to this generation
method, when a number of bits is set as n in binary digits,
a period of the m-sequence is expressed by (2n -1) 3
ΔT, where ΔT denotes a calculation period. The excitation
command is generated by multiplying the excitation am-
plitude value by a pseudorandom number generated by
the m-sequence.
Further, the period of the m-sequence is set as an exci-
tation period, i.e. a period in which the motor 1 is excited
in response to the excitation command, and following the
elapse of the excitation period, the excitation command
is returned to zero, whereby the excitation command is
halted. The excitation command generated in this man-
ner is input into the power feeding unit 24 as a current
command, and the power feeding unit 24 controls the
current so as to follow the excitation command, thereby
causing the motor 1 to generate torque corresponding to
the excitation command.
As a result, the motor 1 is excited. Note that here, the
excitation command is handled as a current command,
but torque (excitation torque) substantially correspond-
ing to the excitation command is generated likewise when
the excitation command is input into the power feeding
unit 24 in the form of a voltage command, and as a result,
similar effects are obtained.
[0032] FIG. 7 is a view showing a waveform of the
pseudorandom numbers generated by the m-sequence.
The pseudorandom number waveform shown in FIG. 7
includes substantially even frequency components in a
lower frequency band than a maximum frequency deter-
mined by the calculation period. Further, whereas a sine
sweep waveform includes only a single frequency com-
ponent at a certain time, a pseudorandom number or
random number waveform generated by an m-sequence
or the like includes a plurality of frequency components
at a certain time.
Therefore, excitation can be performed over a wide fre-
quency band within a short excitation period, and as a
result, a frequency characteristic of the steering can be
obtained efficiently. Note that the example waveform in
FIG. 7 shows only a part of a single period of the m-
sequence rather than an entire period.
[0033] As described above, therefore, a feature of the
software packaged in the control device 2 is that the
processing (the communication reception unit 26 and the
excitation command generation unit 25) for receiving the
excitation start instruction signal and the excitation am-
plitude value and generating the excitation command,
and the processing (the communication transmission unit

27) for transmitting the excitation command and the re-
sponse data obtained as a result of the excitation to the
input/output device 3 are added. Hence, the control de-
vice 2 according to this embodiment is formed by adding
a program for realizing this processing to the software of
the existing control device.
[0034] Next, parts of the control device 2 and the in-
put/output device 3 relating to excitation response oper-
ations and processing will be described.
When the power feeding unit 24 is driven, torque (exci-
tation torque) corresponding to the excitation command
generated by the excitation command generation unit 25
is generated from the motor 1, and this excitation torque
is transmitted via the steering shaft 53 to the torsion bar
provided in the torque detector 22, the steering wheel
51, the rack and pinion gear 54, and the vehicle wheels
55. Hence, the excitation torque is transmitted to the re-
spective sites in accordance with a mechanical transmis-
sion characteristic of the steering, causing the respective
sites to vibrate. The amplitude and phase of the vibration
vary at respective frequency components, thereby pro-
ducing a response in the form of a rotation angle, a ro-
tation speed, and a steering torque.
The response to the excitation command is detected by
the rotation detector 23 and the torque detector 22 of the
control device 2, whereupon the rotation speed signal
and the steering torque signal are output as the response
data. Furthermore, noise excited by the mechanical vi-
bration described above is generated in the interior of
the vehicle, and this noise is detected by the microphone
37 (in other words, a sound detector) of the input/output
device 3 and output as sound data. Meanwhile, the re-
sponse data including the rotation speed signal and the
steering torque signal detected by the rotation detector
23 and the torque detector 22 are transmitted to the com-
munication transmission unit 27 together with the exci-
tation command generated by the excitation command
generation unit 25, and then transmitted to the input/out-
put device 3 over the in-vehicle communication network.
An extremely short delay period exists between the ex-
citation command and the response data due to a detec-
tion delay in the detectors 22, 23 and the calculation pe-
riod, but the data are obtained substantially synchronous-
ly at an identical timing, and can therefore be used to
obtain a mechanical response, for example, with a high
degree of precision. Moreover, when the measurement
test is performed, there is no need to fix the steering, and
therefore the steering wheel 51 can rotate freely in a re-
leased condition. When the steering wheel 51 vibrates
in response to the excitation, a resulting vibration com-
ponent produces a response in the torque detector 22
and the rotation detector 23, and as a result, an inertia
moment of the steering wheel 51 can be identified. A
method of calculating the inertia moment during the iden-
tification operation will be described below.
[0035] The input/output device 3 receives the excita-
tion command and the response data transmitted from
communication transmission unit 27 of the control device
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2 in the communication reception unit 36 over the in-
vehicle communication network, and transmits the re-
ceived excitation command and response data to a me-
chanical constant calculation unit 38. The excitation com-
mand is also input into a noise characteristic calculation
unit 39.
[0036] The mechanical constant calculation unit 38
converts a transmission characteristic from the excitation
command to the rotation speed signal and steering
torque signal serving as the response data into a fre-
quency characteristic, and calculates mechanical con-
stants from the frequency characteristic. The frequency
characteristic may be calculated by applying a typical,
well-known method such as a spectral analysis method,
a multi-decimation identification method, or a subspace
method, and in so doing, a frequency characteristic in-
cluding a gain characteristic and a phase characteristic
plotted on a Bode diagram such as that shown in FIG. 8
can be obtained.
FIG. 8 shows an example in which the subspace method
is used, and instead of a Bode diagram, a mathematical
model such as an equation of state or a transfer function
may be obtained. In an upper section of FIG. 8, a solid
line waveform denotes a gain characteristic from the ex-
citation torque to the steering torque, and a dotted line
waveform denotes a gain characteristic from the excita-
tion torque to the rotation speed. Further, in a lower sec-
tion of FIG. 8, a solid line waveform denotes a phase
characteristic from the excitation torque to the steering
torque, and a dotted line waveform denotes a phase char-
acteristic from the excitation torque to the rotation speed.
[0037] Furthermore, as shown in FIG. 8, the frequency
characteristic includes several feature values, and these
values are also calculated by the mechanical constant
calculation unit 38. A frequency fr indicated by a dot-dash
line is output as a resonance frequency fr, and a frequen-
cy fn indicated by another dot-dash line is output as an
anti-resonance frequency fn. Note that the resonance
frequency fr is a frequency value obtained when the gain
characteristic from the excitation torque to the steering
torque and the gain characteristic from the excitation
torque to the rotation speed, indicated respectively by
the solid line and the dotted line in the upper section of
FIG. 8, are at a maximum peak.
Further, the anti-resonance frequency fn is a frequency
value obtained when the gain characteristic from the ex-
citation torque to the rotation speed, indicated by the dot-
ted line in the upper section of FIG. 8, is at a minimum
peak. The mechanical constant calculation unit 38 also
outputs a magnitude Gp of the peak of the gain charac-
teristic of the steering torque as a peak gain Gp. Further-
more, the mechanical constant calculation unit 38 sets
100 Hz, for example, as a representative point of a high
frequency part of the gain characteristic of the rotation
speed, which is shown within a frame in the upper section
of FIG. 8, and outputs a gain Gh of 100 Hz as a high
frequency gain Gh.
The mechanical constant calculation unit 38 outputs

these feature values as parts of the frequency charac-
teristic. The unit of the frequency is Hz, but when the unit
thereof is converted into rad/s, the symbols of the reso-
nance frequency and the anti-resonance frequency be-
come a resonance frequency ωr and an anti-resonance
frequency ωn respectively.
[0038] The mechanical constant calculation unit 38
calculates the mechanical constants on the basis of the
feature values of the frequency characteristic, calculated
as described above. It is known that an electric power
steering apparatus can be approximated by a two-inertia
system including an inertial moment Jm of the motor 1
and an inertial moment Jsw of the steering wheel 51. A
total of four mechanical constants, namely these two in-
ertial moments as well as a rigidity Ks and a viscosity Cs
of the torsion bar provided between the two-inertia sys-
tems, serve as unknown mechanical constants to be cal-
culated. A relational expression between the unknown
mechanical constants and the feature values of the fre-
quency characteristic, described above, is derived from
an equation of motion of the two-inertia system, as shown
below in Equations (1) to (4).
Here, ωH = 2 3 π 3 100. Note that although the 100 Hz
point has been selected as the high frequency gain Gh,
any high frequency that is not affected by the peak, for
example a point within a range of a frequency at least
three times larger than the peak frequency and not ex-
ceeding the Nyquist frequency, may be used. Alterna-
tively, Gh 3 ωH may be averaged within a predetermined
section of this range such that Equation (4) is modified
to Gh 3 ωH = 1/Jm.
Math. 1 

[0039] Hence, four simultaneous equations shown in
Equations (1) to (4) are obtained with respect to the four
unknown mechanical constants, and therefore the me-
chanical constants can be derived by simple calculations.
First, Jm is determined from Equation (4), as shown be-
low in Equation (5). Next, Ks is determined from Equa-
tions (1) and (2) and Jm, as shown below in Equation
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(6). Next, Jsw is determined from Equation (1), as shown
below in Equation (7), and finally, Cs is determined from
Equation (3), as shown below in Equation (8).
Math. 2 

 

[0040] Hence, the mechanical constants can be calcu-
lated efficiently from four equations based on algebraic
calculations. The mechanical constant calculation unit
38 can calculate mechanical constants such as the iner-
tial moments and the rigidity and viscosity of the torsion
bar by simple calculations using a calculation formula
employing algebraic calculations based on the feature
values of the frequency characteristic, such as the res-
onance frequency, the anti-resonance frequency, the
peak gain, and the high frequency gain.
According to this method, by setting the steering appa-
ratus as a two-inertia system and employing an equation
of motion thereof, the initial moment of the steering wheel
51 can also be identified, thereby eliminating the need
to halt rotation by fixing the steering wheel 51 or the like
so as to form a single inertia system including the inertial
moment of the motor 1 alone, and as a result, the meas-
urement test can be simplified.
[0041] Thus, the frequency characteristic and the me-
chanical constants of the steering can be calculated on
the basis of the excitation command and the response
data.
[0042] The noise characteristic calculation unit 39 cal-
culates a noise characteristic on the basis of the sound
data from the microphone 37 and the excitation com-
mand from the communication reception unit 36. Simi-
larly to calculation of the frequency characteristic by the
mechanical constant calculation unit 38, a typical, well-
known method may be applied to calculation of the noise
characteristic. More specifically, using a spectral analy-
sis method, a multi-decimation identification method, a
subspace method, or the like, a frequency response from
the excitation command to the noise characteristic is cal-
culated, and a gain characteristic of the frequency re-

sponses is output.
FIG. 9 shows the gain characteristic of the noise.A fre-
quency of a resonance peak of the gain characteristic is
output as a noise frequency fs, and a magnitude of the
resonance peak is output as a noise gain Gs. Note that
the excitation command has a uniform power in all fre-
quency bands, and therefore the noise characteristic cal-
culation unit 39 may calculate the resonance peak of the
noise in a similar manner without determining the re-
sponse of the sound data from the excitation command
simply by subjecting the sound data to frequency analysis
in order to calculate the gain characteristic. In so doing,
the noise characteristic calculation unit 39 can calculate
a noise characteristic serving as a frequency character-
istic of the noise generated in the interior of the vehicle
during excitation of the steering on the basis of the exci-
tation command and the sound data.
[0043] Next, the display unit 32 will be described. The
display unit 32 displays the frequency characteristic and
the mechanical constants, input from the mechanical
constant calculation unit 38, on a screen. Here, the fre-
quency characteristic includes the Bode diagram (FIG.
8) of the steering torque and the rotation speed, and fea-
ture values such as the resonance frequency, the anti-
resonance frequency, the peak gain, and the high fre-
quency gain, while the mechanical constants include val-
ues of the inertial moments and the rigidity and viscosity
of the torsion bar. Further, respective values of the gain
characteristic of the noise (FIG. 9), the noise frequency
fs, and the noise gain Gs, input from the noise charac-
teristic calculation unit 39, are displayed as the noise
characteristic. The user can learn these mechanical char-
acteristics from the display unit 32 and use the mechan-
ical characteristics to adjust control constants or the like.
[0044] As described above, the input/output device 3
according to this embodiment is connected, via the in-
vehicle communication network provided in the vehicle,
to the control device 2 for controlling the motor provided
in the electric power steering apparatus that generates
an auxiliary steering force applied to the steering provid-
ed in the vehicle, and on the basis of the externally input
excitation start instruction, the input/output device 3 gen-
erates the excitation start instruction signal for starting
excitation in the motor 1, transmits the excitation start
instruction signal to the control device 2 over the in-ve-
hicle communication network, and receives the response
data relating to the excitation of the electric power steer-
ing apparatus, the response data being detected by the
control device 2 while the excitation is underway, from
the control device 2 over the in-vehicle communication
network.
Hence, excitation can be performed using the motor 1
and the control device 2, which are provided in the electric
power steering apparatus as mass-produced compo-
nents of the vehicle, whereupon the response data de-
tected by the control device 2 can be transmitted to the
input/output device 3 by communication and used there-
in. As a result, a striking effect not present in the prior
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art, namely that the mechanical characteristics can be
identified easily by means of a simple configuration, can
be obtained. Note that in the prior art, as described above,
a control device used only for excitation is provided, and
direct AD conversion or the like is performed on the re-
sponse data using a testing device such as a data logger
that is not a mass-produced component of the vehicle.
Hence, a complicated configuration is required, leading
to an increase in laboriousness due to the need for op-
erations such as alternately connecting sensor wires and
drive system wires. In this embodiment, on the other
hand, the mechanical constants can be identified simply
by preparing, in addition to a mass-produced vehicle, the
input/output device 3, for which a typical tablet computer,
laptop type personal computer, or the like is used, and
laying the in-vehicle communication network cable. As a
result, large reductions in structural complexity and la-
boriousness are obtained.
[0045] Furthermore, the steering measurement device
according to this embodiment includes the control device
2 for controlling the motor provided in the electric power
steering apparatus that generates an auxiliary steering
force applied to the steering provided in the vehicle, and
the input/output device 3 connected to the control device
2 via the in-vehicle communication network provided in
the vehicle. The input/output device 3 includes the exci-
tation start instruction generation unit 33 that generates
the excitation start instruction signal for starting excitation
in the motor 1 on the basis of the externally input excita-
tion start instruction, transmits the excitation start instruc-
tion signal to the control device 2 over the in-vehicle com-
munication network, and receives the response data re-
lating to the excitation of the electric power steering ap-
paratus, the response data being detected by the control
device 2 while the excitation is underway, from the control
device 2 over the in-vehicle communication network.
The control device 2, having received the excitation start
instruction from the input/output device 3, excites the mo-
tor 1, detects the response of the electric power steering
apparatus to the excitation while the excitation is under-
way, and transmits the response to the input/output de-
vice 3 as the response data. Hence, excitation can be
performed using the motor 1 and the control device 2,
which are provided in the electric power steering appa-
ratus as mass-produced components of the vehicle,
whereupon the response data detected by the control
device 2 can be transmitted to the input/output device 3
by communication and used therein. As a result, a striking
effect not present in the prior art, namely that the me-
chanical characteristics can be identified easily by means
of a simple configuration, can be obtained.
Note that in the prior art, as described above, a control
device used only for excitation is provided, and direct AD
conversion or the like is performed on the response data
using a testing device such as a data logger that is not
a mass-produced component of the vehicle. Hence, a
complicated configuration is required, leading to an in-
crease in laboriousness due to the need for operations

such as alternately connecting sensor wires and drive
system wires. In this embodiment, on the other hand, the
mechanical constants can be identified simply by prepar-
ing, in addition to a mass-produced vehicle, the input/out-
put device 3, for which a typical tablet computer, laptop
type personal computer, or the like is used, and laying
the in-vehicle communication network cable. As a result,
large reductions in structural complexity and laborious-
ness are obtained.
[0046] Moreover, according to this embodiment, the
excitation start instruction, which serves as an excitation
start timing signal, can be transmitted from the input/out-
put device 3 such that the actual excitation can be per-
formed in real time by the control device 2 even when an
in-vehicle communication network having a low commu-
nication speed is used, and as a result, excitation can be
performed up to a high frequency component. Further-
more, the response data are detected by the detectors
22, 23 of the control device 2 in real time, and therefore
response data including a high frequency component can
be detected with a high degree of precision, whereupon
the input/output device 3 can receive the detected re-
sponse data including the high frequency component via
the in-vehicle communication network.
In other words, the control device 2 can perform actual
excitation and response detection in real time even when
an in-vehicle communication network having a low com-
munication speed is used, and as a result, further striking
effects are obtained, namely that excitation and meas-
urement can be performed up to a high frequency com-
ponent and the characteristics of the steering can be
measured with a high degree of precision.
[0047] Further, according to this embodiment, the con-
trol device 2 includes the excitation command generation
unit 25 that generates the excitation command for excit-
ing the motor 1, and upon reception of the excitation start
instruction from the input/output device 3, starts to excite
the motor 1 on the basis of the excitation command.
Therefore, excitation including a high frequency compo-
nent can be realized using the control device 2 upon re-
ception of the instruction from the input/output device 3,
which is connected thereto by the in-vehicle communi-
cation network having a low data transmission speed,
and as a result, the mechanical constants can be identi-
fied with a high degree of precision.
When a different configuration to the configuration of this
embodiment is provided such that an excitation com-
mand is transmitted from the input/output device to the
control device over the in-vehicle communication net-
work as required or the like instead of transmitting the
excitation start instruction to the control device, the max-
imum frequency of the excitation command that can be
transmitted is limited by the transmission speed of the
network, and therefore excitation cannot be performed
at a high frequency component.
As a result, the mechanical constants cannot be identified
with a high degree of precision. In this embodiment, to
solve the problem described above, the control device 2

15 16 



EP 3 130 903 A1

10

5

10

15

20

25

30

35

40

45

50

55

is provided with the excitation command generation unit
25 that generates the excitation command, and therefore
excitation including a high frequency component can be
realized. As a result, the mechanical constants can be
identified with a high degree of precision.
[0048] Moreover, in this embodiment, the control de-
vice 2 transmits the excitation command corresponding
to the response data as well as the response data to the
input/output device 3 over the in-vehicle communication
network, and therefore frequency analysis can be per-
formed by the input/output device 3 on the basis of a
synchronized combination of the excitation command
and the response data with no wasteful delay time ther-
ebetween. Accordingly, the frequency characteristic can
be calculated with a high degree of precision up to a high
frequency component, and as a result, the mechanical
constants can be identified precisely.
[0049] Furthermore, in this embodiment, the input/out-
put device 3 includes the mechanical constant calculation
unit 38 that calculates the mechanical constants repre-
senting the mechanical characteristics of the steering on
the basis of the response data detected during excitation,
and therefore the mechanical constants can be identified
with a high degree of precision by a high-performance
calculation device of the input/output device 3 - an exter-
nal terminal - from the viewpoint of mass produced in-
vehicle devices.
[0050] Further, in this embodiment, at least one of the
steering torque detected by the torque detector 22 and
the rotation speed detected by the rotation detector 23
is used as the response data, and therefore mechanical
response characteristics of the respective detectors 23,
22 that detect these values can also be identified.
[0051] Moreover, in this embodiment, the input/output
device 3 includes the microphone 37 that serves as a
sound detector for detecting the sound generated in the
interior of the vehicle during excitation and outputting
sound data, and therefore the noise characteristic can
likewise be identified by means of a simple configuration.
[0052] Furthermore, in this embodiment, the input/out-
put device 3 includes the display unit 32 that displays at
least one of the response data, the sound data, and the
mechanical constants, and therefore identification re-
sults can be confirmed by the user easily.
[0053] Further, in this embodiment, the input/output
device 3 includes the amplitude input unit 34 for inputting
the excitation amplitude value indicating the amplitude
value of the excitation command by which the motor 1 is
to be excited, and the excitation amplitude value is trans-
mitted to the control device 2 over the in-vehicle commu-
nication network. Hence, the user can adjust the excita-
tion amplitude value or set the excitation amplitude value
at a recommended value to ensure that the excitation
amplitude does not lead to excessive rotation and is not
drowned out by friction, and as a result, the mechanical
constants can be identified with a high degree of preci-
sion.
[0054] Moreover, in this embodiment, the excitation

command generation unit 25 generates the excitation
command using random numbers or pseudorandom
numbers, and therefore a plurality of frequency compo-
nents can be superimposed in the vicinity of an identical
time so that the excitation period can be shortened. As
a result, the mechanical constants can be identified
quickly and precisely.
[0055] Furthermore, the motor 1 is excited with the
steering wheel 51 in a released condition, and therefore
the steering wheel 51 can vibrate in response to the ex-
citation command. As a result, the inertial moment of the
steering wheel 51 can also be identified.
[0056] Further, similarly to the configuration described
above, in which the microphone 37 is used as the sound
detector so that sound data are taken into the input/output
device 3, an acceleration pickup sensor may be attached
to a location of the electric power steering device or the
vehicle in which attention is to be focused on the vibration,
and acceleration information from the acceleration pick-
up sensor may be taken into the input/output device 3.
In this case, a vibration characteristic in the attachment
location of the acceleration pickup sensor can be ob-
tained in a similar manner to the noise characteristic and
used by the user to adjust the control constants and so on.
[0057] Moreover, in the above description, the meas-
urement test is performed at only one operating point,
but instead, the measurement test may be performed by,
for example, applying an offset current of a predeter-
mined fixed value to the current command or the like in
order to vary a load condition in several patterns. More
specifically, the input/output device 3 is configured so
that the user can input an offset current therein in a similar
manner to the excitation amplitude value, and the exci-
tation command generation unit 25 sets a value obtained
by adding the offset current to the excitation command
as a new excitation command. The display unit 32 then
displays the mechanical constants for each offset cur-
rent. With this configuration, the mechanical constants
can be identified at each operating point, i.e. each load
condition or the like, even when the mechanical con-
stants vary at each operating point.

Second Embodiment

[0058] In the first embodiment, described above, the
excitation command is generated by the control device
2, but in this embodiment, the excitation command is gen-
erated by the input/output device 3, stored temporarily in
a storage unit of the control device 2, and then repro-
duced. Otherwise, the second embodiment is identical
to the first embodiment.
[0059] FIG. 4 shows a configuration of the input/output
device 3 according to the second embodiment. The con-
figuration shown in FIG. 4 differs from the configuration
of the first embodiment, shown in FIG. 3, in that an exci-
tation command generation unit 25B is added between
the amplitude input unit 34 and the communication trans-
mission unit 35. This difference will be described below.
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The excitation command generation unit 25B provided
in the input/output device 3 receives the excitation am-
plitude value directly from the amplitude input unit 34,
calculates the excitation command in advance while on
standby, even when the excitation start instruction has
not yet been issued, and transmits the calculated exci-
tation command to the communication transmission unit
35. The excitation command generation unit 25B gener-
ates the excitation command using a similar method to
the excitation command generation unit 25 according to
the first embodiment, and as long as care is taken to
ensure that the calculation period ΔT is aligned with the
calculation period of the control device 2, the excitation
command can be generated in a similar manner.
[0060] FIG. 5 shows a configuration of the control de-
vice 2 according to the second embodiment. The config-
uration shown in FIG. 5 differs from the configuration of
the first embodiment, shown in FIG. 2, in that a storage
unit 28 is provided in place of the excitation command
generation unit 25 of FIG. 2. This difference will now be
described. The control device 2 receives the excitation
command, transmitted from the input/output device 3
over the in-vehicle communication network, in the com-
munication reception unit 26, and stores the received ex-
citation command in the storage unit 28.
When the excitation start instruction signal transmitted
from the input/output device 3 is input into the storage
unit 28 via the communication reception unit 26, the stor-
age unit 28 outputs the stored excitation command at the
moment when the pulse of the excitation start instruction
signal is received, whereby the excitation command is
input into the power feeding unit 24 and the communica-
tion transmission unit 27.
[0061] With this configuration, even though the excita-
tion command generated by the input/output device 3 is
transmitted to the control device 2 over the in/vehicle
communication network having a low communication
speed, all of the waveform data of the excitation com-
mand can be stored in the storage unit 28 of the control
device 2 temporarily prior to the test. Hence, the frequen-
cy band of the excitation command can be set regardless
of the communication speed, and as a result, the excita-
tion command can be output from the storage unit 28 of
the control device 2 in real time such that high frequency
components are realized.
Note that the excitation command generation unit 25B of
the input/output device 3 does not necessarily have to
calculate the excitation command in real time, and may
calculate the excitation command at a low calculation
speed. The reason for this is that when the excitation
command is reproduced in the control device 2 during
the actual excitation, high frequencies can be realized in
real time.
[0062] With the configuration according to the second
embodiment, the excitation command is generated by
the input/output device 3 and stored in advance in the
storage unit 28 of the control device 2 so as to be usable
thereby. As a result, the excitation command can be re-

alized up to a high frequency component in real time by
the control device 2, and therefore similar effects to the
first embodiment are obtained.
[0063] According to the second embodiment, as de-
scribed above, similar effects to the first embodiment are
obtained. Moreover, in the second embodiment, the in-
put/output device 3 includes the excitation command
generation unit 25B that generates the excitation com-
mand for exciting the motor 1, the excitation command
for exciting the motor 1 is transmitted to the control device
2 over the in-vehicle communication network prior to im-
plementation of the test, the control device 2 includes the
storage unit 28 for storing the received excitation com-
mand, and the motor 1 is excited on the basis of the
excitation command stored in the storage unit 28. Hence,
a load exerted on the control device 2 can be lightened,
and the excitation command can be realized up to a high
frequency component in real time by the control device
2. As a result, the mechanical constants can be identified
with a high degree of precision.

Third Embodiment

[0064] In the first embodiment, described above, the
excitation amplitude value specified by the user is set in
the input/output device 3 using the amplitude input unit
34. In a third embodiment, on the other hand, an ampli-
tude setting unit 310 is provided in the input/output device
3 in place of the amplitude input unit 34, and the excitation
amplitude value is set automatically by the amplitude set-
ting unit 310. Otherwise, the third embodiment is identical
to the first embodiment.
[0065] FIG. 6 shows a configuration of the input/output
device 3 according to the third embodiment. The config-
uration shown in FIG. 6 differs from the configuration of
the first embodiment, shown in FIG. 3, in that the ampli-
tude setting unit 310 is provided between the input unit
31 and the communication transmission unit 35 in place
of the amplitude input unit 34 of FIG. 3. This difference
will be described below.
[0066] In this embodiment, the input unit 31 includes
an amplitude setting start operation unit (not shown) con-
stituted by a touch panel display or a keyboard and a
mouse, and the user inputs an amplitude setting start
signal into the amplitude setting unit 310 by operating
the amplitude setting start operation unit.
[0067] The amplitude setting unit 310 begins amplitude
setting processing in accordance with a flowchart shown
in FIG. 10 when the amplitude setting start signal is input
therein. First, the amplitude setting unit 310 outputs a
provisional amplitude value set in advance at a minimum
value serving as a default value, and an adjustment ex-
citation start instruction signal, whereupon the provision-
al amplitude value and the adjustment excitation start
instruction signal are input into the communication trans-
mission unit 35 (Step S1). The communication transmis-
sion unit 35 transmits the provisional amplitude value and
the adjustment excitation start instruction signal to the
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control device 2 over the in-vehicle communication net-
work.
The control device 2 receives the provisional amplitude
value and the adjustment excitation start instruction sig-
nal as the excitation amplitude value and the excitation
start instruction signal, respectively, and then, similarly
to the first embodiment, performs control such that exci-
tation torque is output from the motor 1 and transmits the
obtained response data to the input/output device 3 over
the in-vehicle communication network. The amplitude
setting unit 310 receives the response data, which serve
as a response to excitation at the provisional amplitude
value, via the communication reception unit 36 (Step S2),
and extracts a maximum amplitude of the steering torque
signal or the rotation speed signal from the response data
(Step S3).
Next, the amplitude setting unit 310 determines whether
or not the maximum amplitude is smaller than a preset
threshold (Step S4), and when the maximum amplitude
is smaller than the threshold, updates the provisional am-
plitude value to an increased value by adding a preset
amplitude value to the provisional amplitude value (Step
S6). The amplitude setting unit 310 then returns to the
processing of Step S1 in order to output the updated pro-
visional amplitude value and the adjustment excitation
start instruction signal, whereupon excitation for adjust-
ing the amplitude is performed again.
When, on the other hand, the maximum amplitude is not
smaller than the threshold, or in other words when the
maximum amplitude equals or exceeds the threshold,
the amplitude setting unit 310 outputs the provisional am-
plitude value set at that time as the excitation amplitude
value, and then terminates the amplitude setting process-
ing (Step S5). By gradually increasing the excitation am-
plitude value in steps and repeatedly implementing ex-
citation for adjusting the amplitude until the maximum
amplitude reaches the preset threshold in this manner,
the provisional amplitude at the point where the maxi-
mum amplitude reaches the threshold is output as a final
excitation amplitude value. Here, the threshold is set
within a range no smaller than a value at which the ex-
citation torque is not drowned out by friction and no larger
than an upper limit value at which the steering does not
rotate excessively.
[0068] According to the third embodiment, as de-
scribed above, similar effects to the first embodiment are
obtained. Moreover, in the third embodiment, the in-
put/output device 3 includes the amplitude setting unit
310 that automatically sets the excitation amplitude value
indicating the amplitude value of the excitation command
by which the motor 1 is to be excited, and the excitation
amplitude value is gradually increased in steps until the
response data reach a preset threshold, whereupon the
excitation amplitude value is transmitted to the control
device 2 over the in-vehicle communication network.
Hence, the amplitude can be set automatically at an op-
timum value so as to obtain an excitation command that
does not lead to excessive rotation and is not drowned

out by friction, and as a result, the mechanical constants
can be identified with a high degree of precision.

Fourth Embodiment

[0069] In the first embodiment, described above, the
input/output device 3 displays the calculated mechanical
constants on the display unit 32, whereas in a fourth em-
bodiment, a control constant calculation unit 311 is pro-
vided to calculate the control constants used by the con-
trol device 2 on the basis of the mechanical constants.
Otherwise, the fourth embodiment is identical to the first
embodiment.
[0070] FIG. 11 shows a configuration of the input/out-
put device 3 according to the fourth embodiment. The
configuration shown in FIG. 11 differs from the configu-
ration of the first embodiment, shown in FIG. 3, in that
the control constant calculation unit 311 is provided be-
tween the display unit 32 and the input unit 31 and me-
chanical constant calculation unit 38. This difference will
be described below.
[0071] The control device 2 of the electric power steer-
ing apparatus typically performs inertia compensation
control and viscosity compensation control, which are
respectively realized by causing the motor to behave
such that the inertial moment thereof is reduced and
causing the steering to behave such that the viscosity
thereof is increased. This is achieved by a configuration
such as that disclosed in paragraphs 0034 to 0036 of
Japanese Patent Application Publication No.
2001-171539, for example.
More specifically, an inertia compensation current that is
commensurate with a rotary acceleration is calculated in
order to apply a rotary force to the motor 1 in an identical
direction to the rotary acceleration, and a viscosity com-
pensation current that is commensurate with the rotation
speed is calculated in order to apply a rotary force to the
motor 1 in an opposite direction to the rotation speed.
Control is then performed so that the current follows a
target current, or in other words a current command, de-
termined by adding together the inertia compensation
current and the viscosity compensation current. Here, a
gain expressing this proportional relationship is defined
as follows. When an inertia compensation gain Jmc is
multiplied by the rotary acceleration, the inertia compen-
sation current is obtained, and when a viscosity compen-
sation gain Csc is multiplied by the rotation speed, the
viscosity compensation current is obtained.
[0072] Next, a target inertial moment of the motor 1 is
set as a target inertial moment Jm*, and a target viscosity
coefficient of the steering is set as a target viscosity co-
efficient Cs*. These values will be referred to together as
target constants. At this time, optimum compensation
gain values can be derived respectively as follows using
actually identified values of the inertial moment Jm and
the viscosity Cs.
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[0073] In the fourth embodiment, in consideration of
these relationships, the control constant calculation unit
311 is configured as follows. As shown in FIG. 11, the
input/output device 3 according to the fourth embodiment
includes the control constant calculation unit 311. In the
fourth embodiment, the input unit 31 includes a target
constant input unit (not shown) constituted by a touch
panel display or a keyboard and a mouse on which the
user inputs values of the target inertial moment Jm* and
the target viscosity coefficient Cs* as the target con-
stants. The target constants input by the user are then
transmitted to the control constant calculation unit 311.
The mechanical constants calculated by the mechanical
constant calculation unit 38 are also input into the control
constant calculation unit 311. On the basis of the me-
chanical constants and the target constants, the control
constant calculation unit 311 calculates the inertia com-
pensation gain Jmc and the viscosity compensation gain
Csc from Equation (9) and Equation (10), and transmits
the calculated values to the display unit 32 as the control
constants of the control device 2. The display unit 32
displays the control constants on a screen.
[0074] According to the fourth embodiment, as de-
scribed above, similar effects to the first embodiment are
obtained. Moreover, in the fourth embodiment, the in-
put/output device 3 includes the control constant calcu-
lation unit 311 that calculates the control constants from
the mechanical constants calculated by the mechanical
constant calculation unit 38, and therefore the control
constants can be calculated automatically on the basis
of the precisely identified mechanical constants. As a re-
sult, a process for adjusting the control constants can be
eliminated.
[0075] Note that in the first to fourth embodiments, the
rotation detector 23 detects the rotation speed of the mo-
tor 1, but the invention is not limited to this case, and a
rotation angle may be detected instead. The rotation an-
gle is obtained by integrating the rotation speed, and
therefore a gradient of the calculated gain diagram in-
creases in overall steepness by 20 dB/dec and the overall
phase characteristic decreases by 90 degrees. However,
the resonance and anti-resonance frequencies remain
the same. By multiplying ωH by the high frequency gain
Gh, the high frequency gain Gh can be corrected, and
as a result, the mechanical constants can be identified
in a similar manner.
[0076] Further, in the first to fourth embodiments, the
control device 2 may further include a current detector
that detects a current flowing through the motor 1, and
by adding a current detection signal to the response data,
a frequency characteristic from the excitation command

to the current detection signal may be calculated by the
input/output device 3.
[0077] Furthermore, in the first to fourth embodiments,
the mechanical constant calculation unit 38 calculates
the frequency characteristic from the excitation com-
mand to the steering torque, rotation speed, and rotation
angle, and identifies the mechanical constants on the
basis of the frequency characteristic, but instead, the me-
chanical constant calculation unit 38 may calculate the
frequency characteristic from the current detection signal
to the steering torque, rotation speed, and rotation angle
and calculate the mechanical constants on the basis of
the frequency characteristic. The current detection signal
normally follows the current command up to a sufficiently
high frequency, and therefore, when the excitation com-
mand is generated as a current command, the current
detection signal is substantially identical to the excitation
command. Hence, the mechanical constants can be
identified in a similar manner.
[0078] Further, in the first to fourth embodiments, at
least one of the steering torque, the rotation speed, the
rotation angle, and the detected current is used as the
response data, and therefore a mechanical response
characteristic from the excitation command to the respec-
tive detectors that detect these values can be identified.

List of Reference Signs

[0079]

1 Motor
2 Control device
3 Input/output device
4 In-vehicle communication network cable
22 Torque detector
23 Rotation detector
24 Power feeding unit
25, 25B Excitation command generation unit
26 Communication reception unit
27 Communication transmission unit
28 Storage unit
31 Input unit
32 Display unit
33 Excitation start instruction generation unit
34 Amplitude input unit
35 Communication transmission unit
36 Communication reception unit
37 Microphone
38 Mechanical constant calculation unit
39 Noise characteristic calculation unit
310 Amplitude setting unit
311 Control constant calculation unit
51 Steering wheel
53 Steering shaft
54 Rack and pinion gear
55 Vehicle wheels
56 Tie rod
57 Knuckle arm
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Claims

1. An input/output device connected, via an in-vehicle
communication network provided in a vehicle, to a
control device for controlling a motor provided in an
electric power steering apparatus that generates an
auxiliary steering force applied to a steering provided
in the vehicle,
the input/output device being configured to
generate an excitation start instruction signal for
starting excitation in the motor on the basis of an
excitation start instruction input from outside,
transmit the excitation start instruction signal to the
control device over the in-vehicle communication
network, and
receive response data relating to the excitation of
the electric power steering apparatus, the response
data being detected by the control device while the
excitation is underway, from the control device over
the in-vehicle communication network.

2. The input/output device according to claim 1,
wherein the input/output device comprises a me-
chanical constant calculation unit that calculates a
mechanical constant indicating a mechanical char-
acteristic of the electric power steering apparatus on
the basis of the response data.

3. The input/output device according to claim 1 or 2,
wherein the response data include at least one of a
steering torque exerted on the steering, a rotation
angle of the motor, a rotation speed of the motor,
and a detected current of the motor.

4. The input/output device according to any one of
claims 1 to 3,
wherein the input/output device comprises a sound
detector that detects sound generated in the vehicle
during the excitation and outputs the detected sound
as sound data.

5. The input/output device according to claim 4,
wherein the input/output device comprises a display
unit that displays the response data, the sound data,
or the mechanical constant.

6. The input/output device according to any one of
claims 1 to 5,
wherein the input/output device comprises an am-
plitude input unit that receives an amplitude value
input from outside and indicating an excitation am-
plitude value of an excitation command by which the
motor is to be excited, sets the amplitude value as
the excitation amplitude value of the excitation com-
mand, and transmits the set excitation amplitude val-
ue to the control device over the in-vehicle commu-
nication network.

7. The input/output device according to any one of
claims 1 to 6,
wherein the input/output device comprises an am-
plitude setting unit that sets the excitation amplitude
value of the excitation command by which the motor
is to be excited on the basis of the response data,
and transmits the set excitation amplitude value to
the control device over the in-vehicle communication
network.

8. The input/output device according to any one of
claims 2 to 7,
wherein the input/output device comprises a control
constant calculation unit that calculates a control
constant of the control device from the mechanical
constant calculated by the mechanical constant cal-
culation unit.

9. A steering measurement device comprising:

the input/output device according to any one of
claims 1 to 8; and
a control device that is connected to the in-
put/output device via the in-vehicle communica-
tion network provided in the vehicle in order to
control the motor provided in the electric power
steering apparatus that generates an auxiliary
steering force applied to the steering provided
in the vehicle,
wherein
the control device excites the motor upon recep-
tion of the excitation start instruction signal from
the input/output device, detects a response of
the electric power steering apparatus to the ex-
citation during the excitation, and transmits the
detected response to the input/output device as
the response data.

10. The steering measurement device according to
claim 9,
wherein the control device comprises an excitation
command generation unit that generates the excita-
tion command by which the motor is to be excited,
and the control device excites the motor on the basis
of the excitation command generated by the excita-
tion command generation unit upon reception of the
excitation start instruction signal from the input/out-
put device.

11. The steering measurement device according to
claim 9,
wherein the input/output device comprises an exci-
tation command generation unit that generates the
excitation command by which the motor is to be ex-
cited, and the input/output device transmits the ex-
citation command generated by the excitation com-
mand generation unit to the control device over the
in-vehicle communication network, and

25 26 



EP 3 130 903 A1

15

5

10

15

20

25

30

35

40

45

50

55

the control device comprises a storage unit for stor-
ing the excitation command received from the in-
put/output device, and
excites the motor on the basis of the excitation com-
mand stored in the storage unit upon reception of
the excitation start instruction signal from the in-
put/output device.

12. The steering measurement device according to any
one of claims 9 to 11,
wherein the control device transmits the response
data and the excitation command corresponding
thereto to the input/output device over the in-vehicle
communication network.

13. The steering measurement device according to any
one of claims 10 to 12,
wherein the excitation command generation unit
generates the excitation command using random
numbers or pseudorandom numbers.

14. The steering measurement device according to any
one of claims 9 to 13,
wherein the control device excites the motor in a con-
dition where a steering wheel of the electric power
steering apparatus is released.

27 28 



EP 3 130 903 A1

16



EP 3 130 903 A1

17



EP 3 130 903 A1

18



EP 3 130 903 A1

19



EP 3 130 903 A1

20



EP 3 130 903 A1

21



EP 3 130 903 A1

22



EP 3 130 903 A1

23



EP 3 130 903 A1

24



EP 3 130 903 A1

25



EP 3 130 903 A1

26



EP 3 130 903 A1

27

5

10

15

20

25

30

35

40

45

50

55



EP 3 130 903 A1

28

5

10

15

20

25

30

35

40

45

50

55



EP 3 130 903 A1

29

REFERENCES CITED IN THE DESCRIPTION

This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

• JP 2008232724 A [0004] • JP 2001171539 A [0071]


	bibliography
	abstract
	description
	claims
	drawings
	search report
	cited references

